Unsaturated polyester matrix modified with maleic anhydride is loaded with different chicken feather fibre loadings from 0% to 40%. The composite materials were exposed for dielectric study in a wide range of frequencies from 60Hz to 1MHz. All of the composite materials exhibited the characteristics of having high dielectric values at lower frequencies, which gradually reached significantly lower values at higher frequencies. This composite material appeared to have good stability of dielectric properties at a high frequency of 1MHz, and can be potentially proposed for use as a high-speed printed circuit board (PCB) material. FTIR analysis indicates high compatibility between maleic anhydride and unsaturated polyester, to form strong bonding with the hydroxyl group of the fibre. SEM analysis specifies the good penetration of the monomer to the cell wall, eliminating voids on the matrix.
INTRODUCTION
Fibres are one of the main components for polymer-matrix composites. Although the market is dominated by the utilization of synthetic fibre, there is an increasing trend in research that is focusing on the use of natural fibres [1] [2] [3] [4] [5] [6] [7] [8] . The composite industry has been influenced to change from synthetic fibres to natural fibres due to increasing environmental concerns and energy consumption from processing traditional synthetic fibres. Natural fibres provide advantages such as biodegradability, ease of availability, relatively low cost and a good specific properties-to-density ratio [9] [10] [11] [12] . Natural fibres, particularly plant fibres, have been a major interest for most researchers. On the other hand, fewer studies have been done on keratin fibres, including chicken feather fibre. In the US alone, the poultry industry produces 50.4 billion pounds of chicken annually (USDA). The annual production of chicken feathers will be 3.5 billion pounds if 6% of the bird's weight is feather [13] . The feather is considered as waste and is usually disposed of either by burning or as landfill, which is considered an expensive process and not environmentally friendly [13] . The proposed solution is to utilize chicken feather as reinforcement in composites to offer an environmental solution for feather disposal. Among the vertebrates, feathers are the most complex appendage. Feathers have a low density of 0.8g/cm 3 while having good thermal, mechanical and insulation properties [14] [15] [16] . These properties result from the air pockets within the protein filaments of the feather [9] . Therefore, chicken feather is suitable for the application of low load bearing composites such as interior panelling or ready-to-assemble furniture, where qualities such as bulk quantity, low cost and lightweight are desirable [9, 14, 16] . Currently, there is limited research focusing on chicken feather, which indicates that more research needs to be conducted to exploit the ease of availability and relatively low cost of the chicken feather fibre.
The chicken feather can mainly be separated into two parts, the quill and the fibre [13] . The keratin takes the form of fibre keratin and quill keratin, the two forms of microcrystalline keratin in the feathers [17] . The quill is a hard and dense central stem while the fibre is of soft fibre branches from the quill stem. Both the quill and the fibre can be utilized as reinforcement in composites [14, 18] . Uzun and co-workers [14] have attempted using thermoset as matrix to produce chicken feather based composites, namely vinyl ester and polyester. They investigated the impact of vinyl ester and polyester on the behaviour of composites at 10% of chicken feather fibre, which were improved by 25% and 300% respectively. Reddy and Yang [18] have been experimenting with ground chicken feather quill (processed) and whole chicken feathers (raw) to couple with polypropylene composite. They ascertain that the whole chicken feather is better than processed chicken feather in terms of acoustic, flexural and tensile properties. Besides, the amino acid sequence of feather keratin from chicken feather contains 60% hydrophobic amino acids and 40% hydrophilic amino acids [16] . This allows the chicken feather to have some compatibility with thermoplastics such as polyethylene, polypropylene or thermosets such as epoxy resin and polyester resin. Recently, Bullions, Gillespie [19] used maleic anhydride modified polypropylene to increase polypropylene/keratin fibre interactions. There is an increasing interest in utilizing chicken feather fibre as a dielectric material due to its hollow honeycomb structure that contains air, which provides an optimum dielectric value at 1.0 [20] . The research conducted by Zhan and co-workers Zhan and Wool [13] , [20] realizes the promising potential of chicken feather fibre for electronic applications, where its dielectric properties are generally comparable to or lower than those of commercial PCBs. Unsaturated polyester (UP) is easily available and hydrophobic in nature. It can be coupled with chicken feather fibre to produce composite due to limited research on investigating the resulting properties with other thermoset resins such as epoxy [13] . Maleic anhydride has been commonly utilized by researchers [21] [22] [23] [24] to improve the bonding between natural fibres and thermoplastics such as polypropylene and polyethylene. A better bonding creates hindrance in the dipoles movement, leading to the increase of the dielectric relaxation time. In this paper, a type of chicken feather called semiplume feather is used as the reinforcement fibre by incorporating it into UP matrix at varying fibre loadings from 0 to 40 wt% to determine the influence of chicken feather fibre loading and the frequency on chicken feather/polyester composites. In addition, the polymer matrix is modified with maleic anhydride to show the effects on the electrical resistivity and permittivity resulting from the changes in composite fibrematrix adhesion.
MATERIALS AND METHODS Materials
The matrix material used in this study was based on the UP with the trade name "Reversol P9509". For curing, the matrix was mixed with a curing catalyst, namely methyl ethyl ketone peroxide (MEKP) at a concentration of 1% by weight ratio of the matrix. The maleic anhydride with molecular weight of 98.06g/mol is supplied by Aldrich. Chicken feathers were obtained from a local poultry farm and used as reinforcement after processing. All other chemicals used were of analytical grade obtained from local commercial sources.
Chicken Feather Fibre
The chicken feathers were obtained from a local poultry farm. Generally, there are contour feathers, down feathers and semiplume feathers that can be used as reinforcement fibre. The chicken feathers were soaked, washed in a water-soluble ethanol and sun-dried for 7h. To make sure that the materials were completely dried, the chicken feathers were left in a furnace at 80 o C for 24h. For this experiment, the semiplume feather as shown in Figure 1 was used as reinforcement. The growing phase of the feather starts from down feather to semiplume feather, before reaching maturity stage to become contour feather. The semiplume feather possesses the characteristics of both down feather and contour feather [25] . The down feathers obtained after the convection oven were cut into sizes of approximately 3-6mm. 
Specimen Preparation Method
The matrix material, UP, was modified with maleic anhydride with a molecular weight of 98.06g/mol. 1 wt% of maleic anhydride was added to 1000ml of UP by mixing at 50rpm at room temperature for 1h until the maleic anhydride was completely dissolved into the matrix. The modified UP resin was then bottled and stored under ambient temperature before the experiment. The proposed chemical reaction between maleic anhydride and UP is shown in Figure 2 . UP reinforced with chicken feather fibre (CFF) composites and maleic anhydride modified UP reinforced with chicken feather fibre (MACFF) composites were fabricated by resin transfer moulding (RTM). The dried chicken feather fibres were weighed to give 0wt%, 10wt%, 20wt%, 30wt% and 40wt%. Randomly dispersed chicken feather fibres were placed in the first half of the mould (female mould), while the other half of the mould (male mould) was clamped over the top. The chicken feather fibre was taken through a preform process by pressing into the mould shape before the resin was injected. After this preforming, the mould was closed, clamped and UP resin mixed with 1wt% of methyl ethyl ketone peroxide (MEKP) was injected at an optimum pressure of 1 kg/cm 2 . Vacuum was applied simultaneously during the resin impregnation to drive the resin through the cavity to reduce the formation of voids. The hardening of the composite was carried out at room temperature for 6h. The composites were post cured at 80 o C in a convection oven for 3h. A mould with a single cavity is employed throughout the process. For each composite with different fibre loadings, five specimens were produced. 
Microstructural Analysis
The specimens were first fixed with Karnovsky's fixative and then taken through a graded alcohol dehydration series. Once dehydrated, the specimens were coated with a thin layer of gold and then viewed on a scanning electron microscope (JSM6701F) supplied by JEOL, Japan. The specimens were viewed perpendicular to the composite surfaces. The micrographs were taken at a magnification of 500X. XRD analysis was conducted to study the morphological properties of the modified UP composites. A PANalytical XRD diffractometer was used, where Cu Kα (λ=0.1546nm) radiation was employed with 2θ varying between 5 o and 80 o at 5 o /min.
Dielectric Analysis
The dielectric properties of the CFF and MACFF composites were measured with an HP 16451B dielectric test fixture and an HP LCR impedance analyser at frequencies of 60Hz, 1 kHz, 10 kHz, 100 kHz and 1000 MHz. The composites and actual fibre content (%) is presented in Table 1 . The specimens fabricated were disc-shaped with a diameter of 50mm and a thickness of 5 mm. The samples have flat surfaces and low compressibility. The accuracy of the measurement can be enhanced when analysed through the contacting electrode method. All the specimens were dried in a convection oven at 80 o C for 3h and stored in a dry container before tests. The average value was recorded by the HP impedance analyser after the samples had been tested 10 times at a given frequency. The HP dielectric test fixture measured the capacitance of the specimens. The dielectric constant (ε r ) can be calculated from the following equation:
where t is the thickness of the specimen, C is the equivalent parallel capacitance value; r is the radius of the test specimen and ε o is the dielectric constant of the free space. The dissipation factor (tan δ,or loss tangent) can be obtained directly from the HP impedance analyser. The dielectric loss can be obtained by multiplying the dissipation factor and dielectric constant. 
RESULTS AND DISCUSSION
Scanning electron micrographs (SEM) of CFF and MACFF is shown in Figure 3 . From Figure 3(a) , the surface of the CFF composite showed voids and an uneven surface. The UP trapped small air bubbles that led to the formation of voids and an uneven surface upon completion of the hardening process. From Figure 3(b) , the surface of the MACFF is smooth and has no voids. The smooth surface of MACFF is caused by the good penetration of monomer mixture to bond with UP. This indicated that the maleic anhydride had good compatibility with the UP and infused into the cavities. The dielectric properties of polymers are profoundly affected by the changes in crystallinity. In the current work, the diffraction patterns were recorded at 2θ between 5 o and 80 o to reflect the changes in the degree of crystallinity. The spectrum corresponding to the unmodified UP composite CFF0 (Figure 4(a) ) and maleic anhydride modified UP [26] . The position of these peaks did not change, which suggests that the structure of modified UP styrene monomer remained the same in comparison with unmodified UP. It is observed that the MACFF0 composite exhibited a new narrow peak at 10. A material is defined as dielectric if it has the ability to store electric energy when an external electric field is applied. The capacitance with the dielectric material is related to dielectric constant. The variations of dielectric constant with respect to frequency for CFF composites and MACFF composites at different chicken feather fibre loadings are shown in Figure 5 . The dielectric constant increases with fibre content over the range of frequencies from 1 kHz to 1000 kHz in the order of CFF0> CFF10> CFF20> CFF30> CFF40 and MACFF0> MACFF10> MACFF20> MACFF30> MACFF40. A similar trend has been observed by Sreekumar, Saiter [27] in plant-based fibre composites. For the composite, the dielectric constant depends on interfacial, orientation, atomic and electronic polarizations [27] . Due to the differences between the UP and the chicken feather fibre, interfacial polarization occurs. The increment of dielectric constant with respect to fibre loading has been attributed to the increment in orientation and interfacial polarizations resulting from the presence of polar groups in the keratin of chicken (b) (a) feather fibre. Figure 5(b) shows that MACFF40 has a significant difference in dielectric constant as compared to CFF40 at 1 kHz. This is attributed to the increment in orientation and interfacial polarizations resulting from improved adhesive bonding between the matrix and the fibre.
CONCLUSIONS
In the current work, the scanning electron micrographs of CFF composite showed voids and an uneven surface. The UP trapped small air bubbles that led to the formation of voids and an uneven surface upon completion of the hardening process. On the other hand, the surface of MACFF is smooth and had no voids. The smooth surface of MACFF is caused by the good penetration of monomer mixture to bond with UP. The X-ray diffraction spectrum corresponding to that of the structure of modified UP styrene monomer remained the same as for unmodified UP. It is observed that the MACFF0 composite exhibited a new narrow peak at 10.5 o and a broad peak at 19.3 o . These values are attributed to the modification of the UP by maleic anhydride. The dielectric constant increases with fibre content over the range of frequencies from 1 kHz to 1000 kHz in the order of CFF0> CFF10> CFF20> CFF30> CFF40 and MACFF0> MACFF10> MACFF20> MACFF30> MACFF40.
